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(54) CERIUM OXIDE ABRASIVE, SEMICONDUCTOR CHIP, SEMICONDUCTOR DEV,C \ P t R d °£ESS 
( } FOR THE PRODUCTION OF THEM, AND METHOD FOR THE POLISHING OF SUBSTRATES 

(57) An abrasive comprising an aqueous slurry of 
the following cerium oxide particles: (1) cerium oxide 
particles prepared by adding hydrogen peroxide to an 
aqueous dispersion of cerium carbonate, (2) cerium 
oxide particles prepared by adding ammonium hydro- 
gencarbonate to an aqueous solution of cerium nitrate 
to form a precipitate and oxidizing this precipitate with 
hydrogen peroxide, and/or (3) cerium oxide particles 
prepared by neutralizing or alkalinizing an aqueous 
solution of ammonium cerium nitrate. 
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Description 
TECHNICAL FIELD 



5 r-n 9 the cerium oxide a braslV e, a 

Along semiconductor devices, and a semiconducto? device P ' sem,conductor <*fc a method for pro- 

BACKGROUND ART 

patterns to be processed. Therefore to the toertayer SS„S T T*" lhe mWnu,m linc •*» « >™) 

•• prepared by hydrolyzing an a.toxysilane and comprises app.ying a coating liquid that 

as an alcohol, onto a substrate through spin coating fSSbv Tfn ? ! Cata ' ySt " a " ° rganic solvenl such 
- '''"^entlaHen^ 

nent (e.g., alkyl group) remaining therein in order-to be S ^oSl7n ^ C ° ntainS *• ° rganic Com P°- 

geous in that its volume is shrunk little when it is cur!d Z7 J , I u ^ The ° r9anic SOG ,i,m is ^vanta- 
However, the organic SOG film is not sat^cto ^^S^to^T^ 7* COnStent is ,ow - 

cated sparse and dense wiring, though b*»«SSte?^?2? T 9 °' SUrfaCes « UMd b * C °"P"- 

As the material for forming the interS insula^n^ I r T" 9 ° f 3 P3rt ° f SUCh Uneven surface ^- 
performance and adhesh,eness are !REX£££Z JESSESE P °'~ nS "* 900d inSU,ation 
free, organ.c polymer resin in an organic solvent such Z ll p.™ f . 9 Q ! PreP3red by dissolvi n9 such a silicon- 

30 ^^^X^^ r ^ U *^°*:<« r e JT em h - a density and a 

•n which, therefore, the difference in surface l^Sb^^^^i^ 96 0r nigher Peered structures, 
for patterning of wiring in those devices is beimre^uce?^ h th^ ^ ■ "J* * e fcca ' depth ° f resists to b * 
a high difference in surface level in those f ine paSst To^T?™? W,rin9 W ' dth ° f the patterns - and «*h 
ba'.yJIattenthefinepatterns.Asonemetho^ 
pol.sh.ng (CMP) technique which has heretofore 

p r ing action and the ^ctn^CshCz 8 ' **■ and which produces 3 

adispers^^^^ 

* that grooves w*h a high aspect ratio to be between fine lines ol SSEES ° VD iS pr0b,ematic j " 

.« said that CVD is .imited.y applicable to ^^^ TlZZTT^^ T* UP thr0U9h CVD ' — » 
tr.c constant of insulating films, the introduction of fluorfn^n^h» f ^ f 3 ° r S °' ,n 0rder to lower ^ dielec- 

standing problems in that the fluorine ^ S^^^^^^'J" ^ ^ ^ ^ 

hygroscopicity of the films increases ' ntr °^ced ,nto the f,lms ,s often expelled therefrom and that the 

^ a~r b e^S in that even grooves with a high 

filed up therewith. In addition, those organic SOG if m S have a ° m aSP6Ct rat ''° 0,10 or larger «* b « 

costs for producing the f i.ms are tower Ln those ^S^^^^^ °? " S ° ,hemSe,ves ' and 
pol.shed with a colloidal silica-containing abrasive such as thai ^ k ^ Whe " 016 ° rganic SOG ,ilms ar * 

- polished with the abrasive under a mild condlonl "to^S^C?, are often scrateh ^ « ^ey are 

greatly lowered. In addition, even if polished unSe tSe alTi^K SCTatChed ' the po,ishin 9 «P«kJ is 

is significantly lower than that for CVD iilrrTTherefo^ P 9 ^ ^ ,hS ° rganiC SOG ,i,ms 

are. their costs shall be too high, results in w Z2 Z™"™*^ t,,mSare desired be used in the art as thev 

have a to. dielectric constant of 3 or so in themselves ^SSSi di»,^ 9 1 a ° en "' 9 °' ,ine W" 6 ™ ^ 
,n,,od u oed.erei rt o. toy l a ,e p ^ )iTOMnb :--~ 



2 



~v 

» ♦ 

1 * 



EP 0 820 092 A1 

ness of those organic polymer resin films is much lower than that of CVD films and ^^""^^S^h 
ymer resin films are scratched if polished with a colloidal silica-conta,n,ng abrasive such as that 
order to protect the films from being scratched, if the polishing condition .s made mild to such » ^ ^theHms 
are not scratched, the films could not almost be polished under such a mild condition. Therefore, ,t .s desired to develop 
an abrasive capable of polishing the organic polymer resin films without scratching them. 

DISCLOSURE OF THE INVENTION 

The present invention is to provide a cerium oxide abrasive favorably used for polishing insulating films such as 
organic SOG films and organic polymer resin films which have a low dielectric constant and can be globally rfhBaned 
and with which even grooves between fine wiring lines can be filled up; a method for producing the cerium ox.de abra- 
sive a method for polishing substrates using the cerium oxide abrasive; a method for producing semiconductor chips 
using the polishing method; a semiconductor chip; a method for producing semiconductor devices; and a semiconduc- 

Specifically, the invention provides a cerium oxide abrasive for polishing an insulating film formed on a predeter- 
mined substrate, which comprises a slurry of cerium oxide grains dispersed in water. Desirably, this slurry comprises 
100 parts by weight of a water solvent and not larger than 10 parts by weight of oenum oxide grams dispersed n the 
solvent. The invention also provides a method for producing the cerium oxide abrasive, which composes a step of dis- 
persing cerium oxide grains in water to prepare a slurry. 

The cerium oxide grains to be used herein are desirably at least any of the following (1) to (1 1). 

(1) Cerium oxide grains as obtained by oxidizing a water-insoluble, tri-valent cerium compound as dispersed in 

^^^g«S» , 2rS*ained by oxidizing a water-insoluble cerium compound. which >£*^*™ " 
aqueous solution of a water-soluble, tri-valent cerium compound, with an oxidizing agent. For those (1) and (2). the 
oxidizing agent is preferably hydrogen peroxide. 

(3) Cerium oxide grains as obtained by neutralizing or alkalifying an aqueous solution of a tetra-valent cerium com- 
Kerium oxide grains having a specific surface area of not smaller than 25 rn 2 /g. 

(5) Cerium oxide grains having an apparent density as measured in a still standing method of not larger than 1 .30 

^Cerium oxide grains having an apparent density as measured in a tapping method of not larger than 1 SO g/mL 
;.(7) Cerium oxide grains of which the powdery X-ray diffraction pattern gives a man peak having a half-value width 
of not smaller than 0.4° . 

(8) Cerium oxide grains of which the primary grains having a primary gra.n size of not larger ^ than ,10 nm, as 
observed through transmitting electromicroscopy, are not smaller than 90 %of the total number d the grains. 

(9) Cerium oxide grains of which the primary grains having a primary grain size of ^^*^J°T"2 ™ 
smaller than 90 % of the total number of the grains and the secondary grains as formed through >m£««£ 
primary grains to have a secondary grain size of not larger than 1 urn are not smallerthan 90 % of the total number 

00) cSm oxide grains of which the secondary grains having a diameter of not larger than 1 ^m are not smaller 
than 90 % of the total number of the grains and in which the secondary grains each give an outline with no edges 
having an angle of smaller than 1 20° . cma ii or 
(11) Cerium oxide grains of which the primary grains having an aspect ratio of not larger than 2.0 are not smaller 
5 than 90 % of the total number of the grains. 

Preferably, the slurry contains a dispersant. The dispersant may be at least one selected from, for example, water- 
soluble organic polymers, water-soluble anionic surfactants, water-soluble, nonionic surfactants and water-soluble 
amines. Preferably, the slurry is alkaline, especially preferably having a pH of from 8 to 12. 

The present invention further provides a method for polishing substrates, which comprises a step of form, ng _ an 
insulating film on a predetermined substrate followed by polishing the insulating film with the cerium ox.de abrasive 
mentioned above. This polishing method is especially suitable for polishing insulating layers of semiconductor sub- 
strates The invention still further provides a method for producing semiconductor chips, which comprises a step of 
forming an insulating film that comprises an insulating layer containing a compound having an organic group on a sem- 
55 iconductor substrate, followed by polishing the insulating layer containing a compound having < an < WW groupw th the 
cerium oxide abrasive mentioned above, and provides the semiconductor chips as produced by the method The inven- 
tion still further provides a method for producing semiconductor devices, which composes a step of mounting the sem- 
i iconductor chips on a support substrate followed by encupslating the semiconductor chips with a sealant, and prov.des 
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the semiconductor devices as produced by the method. 



with the cerium oxide J^enS^l ^ P,Ura ' inSU ' atin9 Sha " be se,ectivel V Po£hi 

organic group may be formed, for a^e bTaSK ^ J21^^^K^ < ^ n,nB 3 COmp ° Und havin 9 an 
lane and an alkylaJkoxysilane n the ^SSS^^fS^St^ ^ by hydr ° ,yzin9 an 
by curing it under heat. It is desirabl ^^SS^ ^S^T^ S0 ' Vent ' ° nt ° 3 Substrate ' ,0,,owed 

» curing of the hydro.ysate. and an inJ2 g l^c^^^ 

se.ectrve.y polish the instating ,ayer comprfsing a clS^^ ™^ *™» o1 »• <*" 

(Number 01 C atoms)/[(Number of Si atoms) + (Number of C atoms)J - 0. 1 
in this insulating layer comprising a compound having an organic group 

» SOG films are polished with the «5S?S^TlZSS3lf ^H" and "^"^ «"» "Wrfc 
Unity, the polishing speed »Hh the abrasive* eSZ JSTSSS w 6 8 ,0 ° h ' 9h de9 ' ee °' c ^ ,a| - 
shall be prepared withou, ,00 much "!£oTS^T **■ "** in ,he imem °" 

semiconductor chips, it is desirable that the alkali k ° 6 abrasive is used tor polishing 

pound (as a precipitate) and an ^^^T^n^^^Z^^^'^^^ 
water-insolubte cerium compound. «*ile J is solid fctoS^ hereto thereby oxidizing the resulting 

nary stirrers, or using homogenizes, uttrasoni idkpJZ mS^Z^^Z means for example, using ordi- 
the grains of the compound for facilitating the ^^jSJ S T 'i^P^ble to finely disperse 
using ball mills. The concentration of the "vrateMnsTuhl w ZT< 9 d,s P ersion is desirably effected 

preferably from 1 to 30 % by we-ghtt ^ ^^^ZtnnT iS n0t but is 

agent to thedispersion of the water-insole W-vaS 

•t is solid, to give tetra-valent cerium oxide grains ^XESSTSSr ^TT* Ca " be ° Xidized ' whi,e 
such as potassium nitrate; permanganates suTas potaSuZ^ for example ' nitrates 

and hydrogen peroxide. ha.ogens, and ozone Of ! 5SnZS^Z22Sr^ ^ 35 P ° taSSiUm Chr ° mate: 
from being accompanied by the induction ^^t^^TZ^^^ 
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be added must be not smaller than one mol. relative to one mol of the water-insoluble, tri-valent cerium compound. In 
order to complete the oxidation, the amount is preferably from 1 to 10 mols. The processing temperature for the oxida- 
tion is not specifically defined. When a self-decomposing oxidizing agent, such as hydrogen peroxide, is used, it is 
desirable to start the oxidation at a temperature not lower than 40°C, and to heat at 80°C or higher in order to decom- 
pose the excess oxidizing agent after the addition of the entire amount of the oxidizing agent to the reaction system. To 
recover the grains as obtained after the oxidation, employable is any ordinary means such as decantation, filtration or 
centrifugation or the like. Preferred is centrifugation as being able to efficiently separate the oxidized grains within a 
short period of time. However, if the reaction system is acidic, the grains precipitate too slowly and the system is there- 
fore difficult to centrifuge through solid-liquid separation using ordinary centrifugers. Therefore, it is preferable to make 
the.system have a pH of not smaller than 8 by adding thereto any non-metallic alkaline substance such as ammonia, 
prior to its centrifugation. In order to reduce the impurity content of the isolated grains, it is effective to repeatedly wash 
the. precipitate. The thus-recovered precipitate of cerium oxide grains may be directly used herein as it is, but, if desired, 
it may be dried by a dryer or the like to remove water therefrom. The drying temperature is not specifically defined. How- 
ever, if dried at 420°C or higher, the cerium oxide grains shall have an extremely increased degree of crystallmity. 
Therefore, it is desired to dry the precipitate at a temperature as low as possible to be not higher than 420°C. 

The water-soluble, tri-valent cerium compound is not specifically defined, including, tor example, water-soluble 
cerium salts such as cerium nitrate, cerium sulfate and cerium chloride or the like. The concentration of the compound 
in its aqueous solution is not also specifically defined. However, in view of the easiness in handling the resulting sus- 
pension comprising a precipitate of the water-insoluble cerium compound formed, the concentration is preferably from 
1 to 30 % by weight When an aqueous solution of ammonium hydrogencarbonate or the like is added to the aqueous 
solution of the compound, the solution gives a white precipitate (of a water-insoluble cerium compound). The concen- 
tration of ammonium hydrogencarbonate to be added must be not smaller than 1.5 mols, relative to one mol of the 
water-soluble tri-valent cerium compound. In order to complete the reaction, the concentration is preferably from 1 .5 to 
30 mols. By adding an oxidizing agent to the resulting dispersion of the precipitate (of a water-insoluble cerium com- 
pound) as formed from the water-soluble, tri-valent cerium compound, the precipitate can be oxidized, while it is solid, 
to give tetra-valent cerium oxide grains. The oxidizing agent to be used for this may be the same as that for the oxidation 
the water-insoluble, tri-valent cerium compound mentioned above. Preferred is hydrogen peroxide in order to prevent 
the oxidation from being accompanied by the introduction of impurities into the oxidized grains. The amount of the oxi- 
dizing agent to be added must be not smaller than one mol, relative to one mol of the water-soluble, tri-valent cerium 
compound. In order to complete the oxidation, the amounl is preferably from 1 to 10 mols. The processing temperature 
for the oxidation is not specifically defined. When a self-decomposing oxidizing agent, such as hydrogen peroxide, is 
used, it is desirable to start the oxidation at a temperature not lower than 40<>C, and to heat at 80°C or higher in order 
to decompose the excess oxidizing agent after the addition of the entire amount of the oxidizing agent to the reaction 
system To recover the grains as obtained after the oxidation, employable is any ordinary means such as decantation, 
filtration or centrifugation or the like. Preferred is centrifugation as being able to efficiently separate the oxidized grains 
within a short period of time. However, if the reaction system is acidic, the grains precipitate too slowly and the system 
is therefore difficult to centrifuge through solid-liquid separation using ordinary centrifugers. Therefore, it is preferable 
to make the system have a pH of not smaller than 8 by adding thereto any non-metallic alkaline substance such as 
ammonia, prior to its centrifugation. In order to reduce the impurity content of the isolated grains, it is effective to repeat- 
) edly wash the precipitate. The thus-recovered precipitate of cerium oxide grains may be directly used herein as it is, but, 
if desired, it may be dried by a dryer or the like to remove water therefrom. The drying temperature is not specifically 
defined. However, if dried at 420°C or higher, the cerium oxide grains shall have an extremely increased degree of crys- 
tallinity Therefore, it is desired to dry the precipitate at a temperature as low as possible to be not higher than 420°C. 
The tetra-valent cerium compound is not specifically defined, including, for example, cerium salts such as cerium 
s sulfate, cerium ammonium sulfate, and cerium ammonium nitrate or the like. The concentration of the compound in its 
aqueous solution is not also specifically defined. However, in view of the easiness in handling the resulting suspension 
comprising a precipitate (of cerium oxide grains formed), the concentration is preferably from 1 to 30 % by weight. The 
aqueous solution of the cerium compound is acidic, but can be neutralized or alkalified by adding aqueous ammonia or 
the like thereto to give a white precipitate (of cerium oxide grains). The amount of aqueous ammonia to be added must 
o be such that the suspension which is originally acidic is neutralized with the aqueous ammonia added thereto, and is 
preferably such that the suspension is finally alkalified. For the latter, a little excess amount of aqueous ammonia may 
be added to the suspension. To recover the thus-precipitated grains, employable is any ordinary means such as decan- 
tation. filtration or centrifugation or the like. Preferred is centrifugation as being able to efficiently separate the oxidized 
grains within a short period of time. In order to reduce the impurity content of the isolated grains, it is effective to repeat- 
s edly wash the precipitate. The thus-recovered precipitate of cerium oxide grains may be directly used herein as it is, but. 
if desired it may be dried by a dryer or the like to remove water therefrom. The drying temperature is not specifically 
defined. However, if dried at 420°C or higher, the cerium oxide grains shall have an extremely increased degree of crys- 
tallinity. Therefore, it is desired to dry the precipitate at a temperature as low as possible to be not higher than 420°C. 
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Z^ZTl inV6nli0n ' ^ C6riUm ^ 9 rains '^ n 9 *• ™»** Physical properties. 

the surfaces of the objects are 2n scSch Id Tnt^T^"*™" 9 *" h USed ,0r P*-*" ob i ecte - 
of larger than 1,000 nwSiSlt hand, cenum oxide grains with a specific surface area 
ing in that the abrasive co^ result- 

prising earium „*i de ^a^^dtZX^?s^,r, to ^J"" 4 " 3 

25 grain sfee of the grains is too lam- «STa .1™? * s <ta P erMd ,n * used. the primary 

of the objeots are^en^JhTlf^n », "^l^T*""" 0 '? ^ iS for p <* ishln 9 «» «*o2 

high, and if an abrasive compnTg he slun-yls usi *!i^^ rf * eon,iwlsl00 
Sefo^ 

on. y the latter fi.ms. If, oT^er "TT* ° 0uU ^ 

half-value width of larger than 5.0<> . are usS hTpo wJh th £j * diffraCti0 " Pattem 9ives a 
-ow, resuming in that the abrasive could harS exh^ 
- ^tn^ 

through aggregation of the prtiTSS to ^.^2* * . Bra '7 ^ that the SeCOndar * ^ns as formed 
90 % of the tota. number J ^SSTK ^T^SJZS ^ 12 ,ar ° er 1 Mm ^ Sma " er ^ 
being simple, however employed fe tanwLZ ! J !T 9 5,26 ° f the 9rainS is not specifically limitted. As 
ning dectromicroscopi^^^ ° bServation for the P"™y grain size, and scan- 
so oxide grains falling "Lite^ f ° r the h »~ The cerium 
comprising them is low so that the costs lb L^ZZ ??k P ? 9 P eVen Whe " the,r concen * r ation in the slurry 
the slurry having such Lw^^KS? T 030 be reduced Edition, since 

since the slurry as dropped Sm ™to a dTsZ J>«r*° fhB ^ em - from bein 9 with the grains. Moreover. 

55 formly polished However if 1^2'^ ^ can eas.ly disperse thereon, the wafers on the pad can be uni- 
aggregation ^e^Lt^ns^^^ ^ 7^ ^ the 8econdar * 9rains as through 
than 1 m , as disperseTi^ateMs S £!K25 ^ ^ 013,1 1 ° ^ h3Ve 3 S6COndary 9rain size * ,ar 9 e r 
faces of the object « cSTSSS? ' * C ° mPr ' S,n9 S ' Urry b US6d f ° r ob i ecte ' ^ sur- 
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The cerium oxide grains for use in the invention are such that the primary grains having a primary grain size of not 
larger than 10 nm are not smaller than 90 % of the total number of the grains and that the secondary grains as formed 
through aggregation of the primary grains to have a secondary grain size of not larger than 1 nm are not smaller than 
loTof the same The measurement of the grain size of the grains is not specifically limitted. As bang simple, however, 
employed is transmitting electromicroscopic observation for the primary grain size, and scanning eledromicroscopic 
observation or grain size distribution measurement for the secondary grain size. The cerium ox.de grains falling with.n 
the defined range produce good polishing speed, even when their concentration in the slurry comprising them is low. 
so that the costs for producing the slurry comprising them can be reduced. In addition, since the slurry having such a 
low concentration of the grains has a low viscosity, it can be easily fed into polishing devices w.th preventing the ppes. 
o through which the slurry is fed into the devices, from being clogged with the grains. Moreover, since the slurry as 
dropped down onto a polishing pad can easily disperse thereon, the wafers on the pad can be uniformly polished How- 
ever if a slurry comprising cerium oxide grains, of which the secondary grains as formed through aggregate of large 
primary grains with a primary grain size of larger than 10 nm have a secondary grain size of larger than 1 um. as As- 
persed in water is used, and if an abrasive comprising the slurry is used for polishing objects, the surfaces of the objects 
s are often scratched. If so. in addition, the concentration of the grains in the slurry for the abrasive, must be increased in 
order to attain the same polishing speed as above, which is often problematic in that the costs for producing the slurry 
are high and that the viscosity of the slurry is increased. 

The cerium oxide grains for use in the present invention are such that the secondary grains having a diameter of 
not larger than 1 nm are not smaller than 90 % of the total number of the grains and that the secondary grams each g,ve 
> 0 an outline with no edges having an angle of smaller than 120° . The measurement of the size of the grans is not spe- 
cifically limitted. As being simple, however, preferred is scanning electromicroscopic observation or gram size distribu- 
tion measurement. The cerium oxide grains falling within the defined range produce good polishing speed even when 
their concentration in the slurry comprising them is low. so that the costs for producing the slurry comprising them can 
be reduced. In addition, since the slurry having such a low concentration of the grains has a low viscosity. ,t can be eas- 
25 ily fed into polishing devices with preventing the pipes, through which the slurry is fed .rrto the devices, from being 
clogged with the grains. Moreover, since the slurry as dropped down onto a polishing pad can eaaly disperse thereon, 
the wafers on the pad can be uniformly polished. However, if a slurry comprising cenum oxide grains, of which the sec- 
ondary grains have a secondary grain size of larger than 1 nm, is used for polishing objects, the surfaces o the ^objects 
are scratched. If so, in addition, the concentration of the grains in the slurry must be increased in order to attamjhe 
30 same polishing speed as above, which is often problematic in that the costs for producing the slurry are high and that 
the viscosity of the slurry is increased. Even though the secondary grains have a secondary grain size of not larger than 
1 um. they will still often scratch the surfaces of the objects polished therewith if their outline has edges having an angle 

° f S Thl e cerium 1 oxkie grains for use in the invention are such that the primary grains having an aspect ratio of not larger 
as than 2.0 are not smaller than 90 % of the total number of the grains. If a slurry comprising cerium oxide grains _ ofwhich 
the primary grains have an aspect ratio of larger than 2.0. is used for polishing objects, the surfaces ° f ^J e ^^ re 
often scratched. To determine the aspect ratio. preferably employed is a ample method 0 mea ^^ m ^ a Q 7 h e e 
ter and the major diameter of each grain through transmitting electromicroscop.c observation, followed by obta.nmg the 

40 rat '°To f produce the cerium oxide grains having the physical properties mentioned above, for example, preferably 
employed is any of the following methods, which are mentioned hereinabove. However, those methods are not specifi- 
cally limitative. 

(1) A method starting from a water-insoluble, tri-valent cerium compound, in which the compound is ^persed I in 
water and an oxidizing agent is dropwise added thereto thereby oxidizing the compound, wh.le it .s solid, to obtain 
tetra-valent cerium oxide grains. ....... u ^ 

(2) A method starting from a water-soluble, tri-valent cerium compound, in which ammonium hydrogencaroonate 
or the like is added to an aqueous solution comprising the cerium compound to give a water-insoluble cenum com- 
pound (as a precipitate) and an oxidizing agent is then dropwise added thereto thereby oxid.zmg the resulting 

so water-insoluble cerium compound, while it is solid, to obtain tetra-valent cerium ox.de grains. 

(3) A method starting from a tetra-valent cerium compound, in which aqueous ammonia is added to an aqueous 
solution of the cerium salt thereby neutralizing or alkalifying the solution to give tetra-valent cer.um ox.de grams. 

More preferably, the cerium oxide grains for use in the invention are provided with two or more of the following char- 
55 acteristics which have been referred to hereinabove. 

(1) Their specif ic surface area is not smaller than 25 m 2 /g. 

(2) Their apparent density as measured in a still standing method is not larger than 1 .3 g/ml. 
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% of the .ota! nun*er of the P ^ ^ ' a,£|er ,han 20 ™ are « ™*» than 90 

^g-ainstzertnatargerth^X^^^ 

The cerium oxide slurry of the invention is obtained by disoersina a M i„„ 
grams and preferably a dispersant. In the slurry the ronceSSton o ?th~T? I com P™ng water, the cerium oxide 
but is preferably between 1 and 30 % by w2S2 o E ^f. 9ra ' nS * n0t defined - 

Preferably, the cerium oxide grains are disoerseSTn^n T 655 handMn9 the resultin 9 suspension, 

weighty too P-S by^eighT^ * " *** 10 « * 

» alcohol; water-soluble anionic surfactants such as' amln^ andpolyvinyl 
nium sulfate; water-soluble nonlo*12^ 7* ^Wethytene .auryl ether anuno 

tearate; and water-soluble amines such aTmonoet^ ^ a " d ""W* &«* ™n» 

be in the s.urry is pre ferab. y from 0. 1 p^^SSSJSt ^jS^^T ^ am ° mt ° f 4,16 d '" s P ersarrt *> 
oxide grains, in view of the dispersibSty of »£^S^3^1 ' h 10 1 °° ^ by WeiQh1 of the cerium 

25 cipitating in the slurry. More preferably, in cJ^^M^^V^ d'spersant to prevent the grains frompre- 
the dispersing machine along with the ar^srtaTZ JZ^ I^T 6 9ra ' nS ,n the s,urr * lhe dispersant is put into 
the cerium oxide grains in is ^S^SS^^!? 8 9ra ' nS ln the machine " T ° i«e 

that using homoger. ultrasonic dspeitoJ^S^^^H?'^ 7 USin9 9enera ' Stirring machines - and 
to be fine grains of not larger than 1 mata Sr^?!^," ° rder t0 d ' SPerSe the Cerium oxide 9 rains 

» mills, shaking ba.l rniHs. planetary baS mills a^d .iSES^ ^ diSpefSing machines such as ba » 

siveXrS^rS 

an alky.alkoxysi.ane in the presence of iTa^SSi.^? " T 8 "* by ^^'"S a " alkoxysi.ane and 
«• through spin coating, followed by curing it under heat 9 S0,Vent SUCh 35 90 a,Coho1 " onto a subs ™e 

example, methyltrimethoxysilane. phBnyiSSa^^^^ aS * omb ! ned - Tne alkylalkoxysilane includes, for 
propy.trimethoxysi.ane. 3-g.ycidoxyp^ 3 ^" e ' di P hen y ,di ™*°*ysi<ane, amino- 

« ysi.ane. These can be used herTn 2£ ^tg^o as c^ and 

alkoxysilanes and alkylalkoxysilanes with fluorine as bondSTo a s,,^ « a ' S ° em P'°y able ^ are 

imethoxysilane; alkylalkoxysilanes of which aTleasta oTrtS f,u ° r °t"methoxysilane and fluoromethyld- 

methoxysilane. and ^K^thy^^ and altt T'^ " f !r nated ' SU ° h 98 ^^thyHri- 

bonded to Si. These can be used herein ITe^nl T^'^^T T^ a, ^ alk °*y si| an<* with fluorine as 

so to the amount of alMa.koxysi.ane is to ^S^!^^^^ *" "*° °' thS am ° unt of 

(number of C atoms)/(number of Si atoms + number of C atoms)^ 0.1 

layer formed is cracked, resulting in the deTec su? as a £ 3 ° ' S Sma " er ai - the film of insulating 

The organic solvent includes for examp£ monoa^onote ^ m^T °I ** inSU ' at,n9 P erformanc e- 
— « esters; P o,ya,coho,s such as oTcen^ 
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such as acetone, and methyl ethyl ketone or the like. These can be used herein either singly or as combined. The cat- 
alyst may be any acid or alkali tor hydrolysis, including, tor example, inorganic acids such as hydrochloric acid, nitric 
acid, and phosphoric acid; organic acids such as acetic acid, and maleic acid or the like; their anhydrides and deriva- 
tives- and alkalis such as sodium hydroxide, ammonia, and methylamine or the like. 

The amount of water to be in the hydrolyzing system is preferably smaller than 75 % relative to 1 00 % of the alkoxy 
group in the alkoxysilane and alkylalkoxysilane. If it is not smaller than 75 % the alkoxysilane and alkylalkoxysilane are 
hvdrolyzed too greatly, whereby the coating liquid formed is gelled or becomes cloudy. The amount of the catalyst to be 
added to the hydrolyzing system is preferably from 0.1 parts by weight to 5 parts by weight, relative to 100 parts by 
weight of the alkoxysilane and alkylalkoxysilane. If it is smaller than 0. 1 parts by weight, the alkoxysilane and alkylalkox- 
ysilane are hydrolyzed insuff iciently so that the coating liquid could not form a film. On the other hand, however, if it is 
larger than 5 parts by weight, the alkoxysilane and alkylalkoxysilane are hydrolyzed too greatly, whereby the coating liq- 
uid formed is gelled. The amount of the alkoxysilane and alkylalkoxysilane is preferably between 1 part by weight and 
40 parts by weight relative to 1 00 parts by weight of the organic solvent used. If the amount of the alkoxysilane and alky- 
lalkoxysilane is smaller than 1 part by weight, the coating liquid could not form a film. If, on the other hand, it is larger 
than 40 parts by weight, the coating liquid could hardly form a uniform film. The reaction temperature at which the 
hydrolysate is processed to have an increased molecular weight is not specifically defined, but is preferably not higher 
than the boiling point of the organic solvent used. In order to suitably control the molecular weight of the thus-processed 
hydrolysate the reaction temperature is preferably between 5°C and 70°C. The reaction time for the hydrolysis is not 
also specifically defined. The hydrolysis may be stopped after the molecular weight of the hydrolysate formed has 
reached the predetermined one. The measurement of the molecular weight of the hydrolysate is not specifically 
defined However, as being simple, preferably employed is liquid chromatography for the measurement. 

The insulating layer-forming material comprising those four components may be prepared as follows: First, a pre- 
determined amount of an alkoxysilane and a predetermined amount of an alkylalkoxysilane are dispersed in an organic 
solvent, to which are added water and a catalyst and stirred for a while, and thereafter these are reacted at room tem- 
perature or under heat to give a hydrolysate having an increased molecular weight. 

The insulating layer-forming material as prepared in the manner mentioned above is applied onto a predetermined 
semiconductor substrate, such as a semiconductor substrate in the step that circuit elements and W1 r.ng patterns are 
formed on (e g . a semiconductor substrate on which predetermined circuit elements such as IC circuits are formed and 
then aluminium wiring patterns are formed thereon), or a semiconductor substrate in the step that circuit elements are 
formed or the like, then dried to remove the organic solvent, and thereafter cured under heat at 100°C or higher to form 
an insulating layer on the substrate. In Fig. 1 . 1 1 is an Si wafer having thereon a predetermined circuit element such as 
an IC element; 1 2 is an aluminium wiring pattern; 1 3 is a CVD-Si0 2 film (TEOS film); and 1 4 is an insulating layer con- 
taining a compound having an organic group. Preferably, the insulating layer is thicker than the wirings. For example, 
the thickness of the insulating layer is not smaller than 1 .2 times that of the wirings. 
; The semiconductor substrate is not specifically defined, including, for example, Si wafer and GaAs wafer or the like. 
The coating method is not also specifically defined. For example, the coating liquid may be applied onto the substrate 
through spin coating, spraying, or dip coating. The drying temperature is not also specifically defined, but is preferably 
between 100°C and 300°C in order to promote the vaporization of the organic solvent. The thermal curing temperature 
is not also specifically defined, and may be 300°C or higher. However, depending on the substrate to be used, the 
J uppermost temperature for the curing is limited. For example, for the substrate having thereon an aluminium wiring, it 
is preferable that the insulating layer is formed through curing at a temperature not higher than 500°C. The thermal cur- 
ing time is not also specifically defined. When the physical properties of the cured film have been mostly equilibrated, 
the heating is stopped. To determine the condition of the cured film for which the heating is stopped, there is no specific 
limitation. For example, preferred is a simple method of measuring the surface hardness and the thickness of the cured 
5 film formed or the like. The atmosphere for the thermal curing is not also specifically defined. Preferably, however an 
inert gas such as nitrogen or argon is introduced into the curing system in order to minimize the removal of the alkyl 
group from the alkyla'koxysilane being heated. . 

The insulating layer thus formed on the predetermined semiconductor substrate, such as a semiconductor suD- 
strate at a stage where substrate circuit component element and wiring patterns are formed on it, or a semiconductor 
o substrate at a stage where wiring patterns are formed on it. are polished with the cerium oxide slurry of the .nvention. 
whereby the uneven surface of the insulating layer is flattened and. after all, the entire surface of the resulting semicon- 
ductor device is flattened, as in Fig. 2. 

As the polishing device, herein employable is any ordinary one which comprises a holder to hold a semiconductor 
substrate to be polished, and a surface plate with a pad of abrasive cloth attached thereto (the surface plate is provided 
a with a motor or the like of which the number of revolution is variable). As the pad. ordinary nonwoven cloth expanded 
polyurethane. porous fluorine resin etc. may be used and there is no special limitations. Preferably, the pad is worked 
to have grooves capable of keeping therein the slurry of the invention. The polishing condition is not specifically defined, 
but the surface plate is preferably rotated at a low rotating speed of not larger than 100 rpm in order that the semicon- 
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is not scratched. During , he po.iLg op^tTon i^ 

amount of the slurry to be fed is not soecifiealh/ rtJL*H h ♦ 1 ^. Y t0 ** e pad usm 9 a P urn P or the ''ke. The 

s ^theslurry.For^ 

for example, not smaller than 25 ml/min for a 18-inch surface DlateTthl ^ ♦ 3r6a ° f the Surface p,ate is - 

the substrate could not be polished to a sufl LrtZ!ZS! P !■' ^° Unt ,S smaller than 25 ml/min *" that case 
dispersed so that the subset ^cfuWnot ZXtTun^lV* " S °' addi,l '° n ' the **" is insu ™*<% 

by mechanical polishing with the pad. ^rS^ , Z?S^^ r ■ h"? *' SUMe * ,0 ° 9reat,y inf,uenced 

ro selectivity of the slurry abrasive ofThe invention TJ^^^^J^T^ U" * ^ P °' iShed ' S ° mat *• 

^ 6 CVD ,i,m - is - ^^^^^^^^ 

» prying (a) hydrogen peroxide, and (b) at least one fselecTed from nHrt ? « 6 is dipped in a **** con > 

nium carbamate and ammonium hydrJenca^ 

mixture of two or more different liquids etc S a^?^ ^ with wa ^- and then dried. A 

The dipping time is not specifically diS^ZTLL W y be USed ' ' f desired " 
formed asaresuft of thedissolutonof he^,^" ^ n f ^ tme,,t may be ,inished aft * *. bubbfes to be 
» is not also specifically defined. However ^^3^ Z^tn T ™ m0re ^ temperature 

used, the dipping therein is effected PfS^JflZiS^ES^ " !Tn J" ** *"* self - d ^Posabi.ity is 
it is desirable that water drops adhering onto the EZS^ESSZ ^ After the ,inal wa ^'ng with waL. 
and thereafter the substrate is dried sem.conductor substrate are removed, using a spin drier or the like 

- -or^^ 

manner as previously. Then, the insulating layer thus Sm^SSishld l^h C& ° f ^ in ,he same 

the same manner as previously to flatten the uneven '•^^CESSS L T" ^ **" ° f the invention in 
surface of the resulting semiconductor substrat T^^^E^I^: -^^ MHat ^^^ 
intended semiconductor chips P repeated Predetermined times to finally obtain the 

mides. polyurethanes. polyethylene! ethyleneSfa^S ^ hermo P ,astic "*™ such as polyi- 

35 resins, polymethyl methacrylates, polyvinyl Sri n^' Propylenes, polystyrenes. ABS resins. AS 
chloroethylene, O, those, prefer're? aTSuoVin^ a "d po.ytrif.uoro- 

ylenes. since the substrates having thereon the fl^^^S^t^"" P ol * riflu °™hloroeth- 
preferred are polyamidimide resins and polyimide Tsins sZl Z r? ? W 3 '° Wered dielectric constant - Als ° 
However, the resins for the films to be poHsheTSh thTabras, ve of the?™ , ^ reS ' nS haVe 900d heat resistance - 

The insulating layer-forming maten^a. conprSg sloTa ZT ? Spedfca * de,inetl 
lows: Where the material comprising a thermoseZ TE* 1^2 9 PO,ymer reS ' n may be P re P ared as «' 
mers for the resin are dissolved in an organfesoSu^ as SSZL "TT 5 poly- 
liquid for the intended insulating layer. In order to enhance the CU rSm° < 3b ° Ve to form a coatin 9 
agent, curing promoter and catalyst may be added To tTe ^IlSS^uS * T * be any ordinar y c "™9 
« resin is prepared, the resin is dissolved in an o^n ° S^S^?^ C ° mPr,Sin9 3 thermo P la ^c 
coatmg l, qu id for the intended insulating layer Preferablvlo I ?? ° r the " ke men «oned above to form a 
with from0to900parts by weight of theVgani^ 

the coating liquid could hardly form the intended insulating 1^^' of the or 9 anic solvent .s over 900 parts by weight. 

so -SrT™^ 

ished. 3 SUDS,rate - for example, on a sem.conductor substrate can be selectively pol- 
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guides composed of glass and crystalline materials; edges of optical fibers; optical single crystals such as scintillators 
or the like; solid laser single crystals; LED sapphire substrates for blue lasers; semiconductive single crystals of SiC. 
GaP, GaAs or the like; glass substrates for magnetic discs; and magnetic heads. 

Where at least one of two or more kind of insulating layers different in material from one another formed on a sub- 
strates such as semiconductor substrates or the like is selectively polished with the cerium oxide abrasive of the inven- 
tion it is desirable that the ratio of the polishing speed with the abrasive for the first insulating layer (for example, an 
insulating layer containing a compound having an organic group) to that therewith for the second insulating layer (for 
example, an insulating Si0 2 layer) is not smaller than 10. With the ratio within the defined range, the selective polishing 
of only the first insulating layer with the abrasive can be favorably attained. 

-Fig. 3 shows one embodiment of the semiconductor device of the invention, which has, on a support substrate, a 
semiconductor chip as produced by polishing its insulating film with the abrasive of the invention, and in which the sem- 
iconductor chip is encupslated with a sealant. The semiconductor device is not limited to only the lead-on-chip (LOC) 
type one, as in Fig. 3, but may be any other ordinary one including, for example, chip-on-lead (COL) type ones and even 
those with chips as mounted on a die pad. As the sealant, ordinary epoxy resin may be used. In Fig. 3, 1 is a bonding 
material; 2 is a semiconductor chip as produced by polishing its insulating film with the abrasive of the invention; 3 is a 
lead frame; 4 is a wire; and 5 is a sealant. 

Using the abrasive of the invention, insulating films such as organic SOG films, organic polymer resin films or the 
like can be polished at a high speed without scratching the polished surfaces. 

Where a substrate having therein a plurality of layers is polished according to the polishing method of the invention, 
the difference in surface level is almost completely removed throughout the entire surface of the polished substrate. 
Therefore, the polishing method of the invention is satisfactorily applied to any and every substrate having fine wirings 
thereon by which, therefore, multi-layered wirings can be realized for high-density and large-scale integration circuits. 
In addition, since insulating films of organic SOG films or organic polymer resin films can be used, capability of filling 
the space between fine wiring lines and lowering of dielectric constant can be achieved at the same time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig 1 is a cross-sectional view showing a semiconductor substrate, of which the Si wafer having thereon a circuit 
element, an aluminum wiring and a CVD-Si0 2 film is coated with an insulating layer containing a compound having an 
organic group. 

Fig. 2 is a cross-sectional view of the semiconductor substrate, in which the insulating layer has been polished. 

; Fig. 3 is a cross-sectional view showing a semiconductor device which has a semiconductor chip as produced by 
polishing its insulating film with the abrasive of the invention mounted on a support substrate. 

BEST MODES OF CARRYING OUT THE INVENTION 



Now. various examples of the invention are mentioned below. 



Example 1 : 



Formation of Cerium Oxide Grains, 1 -1 : 

50 g of cerium carbonate was added to 450 g of deionized water, and dispersed therein with a planetary ball mill at 
2800 rpm for 15 minutes to obtain a white, cerium carbonate slurry. With stirring the slurry. 29.2 g of aqueous hydrogen 
peroxide (about 35 % ) was dropwise added thereto, reacted for 1 hour with further stirring, and thereafter heated up to 
90°C in a water bath. After having been still stirred for 1 hour at 90°C. this was cooled to room temperature, separated 
solid from liquid by a centrifuger. and then dried in a drier at 120°C for 24 hours to obtain 30 g of a white powder. From 
its X-ray diffraction pattern, this white powder was identified as cerium oxide. Formation of Cerium Oxide Grains, 1-2: 

Fifty grams of cerium nitrate was added to 500 g of deionized water, and well mixed. Then, with stirring the resulting 
mixture an aqueous solution as prepared by dissolving 75 g of ammonium hydrogencarbonate in 400 g of distilled 
water was dropwise added thereto, and reacted as they were for 1 hour at room temperature to give a white precipitate. 
This white precipitate was separated through centrifugation at 3000 rpm for 10 minutes for solid-liquid separation by a 
centrifuger. This was again put into 500 g of deionized water and well dispersed therein. Then. 60.9 g of aqueous hydro, 
gen peroxide (about 35 %) was dropwise added to the resulting dispersion and reacted for 1 hour with still stirring it. 
Next this was heated up to 90°C in a water bath. After having been still stirred for 1 hour at 90°C. this was cooled to 
room temperature, separated the solid from separation by a centrifuger, and then dried in a drier at 120°C for 24 hours 
to obtain 20 g of a white powder. From its X-ray diffraction pattern, this white powder was identified as cerium oxide. 
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Formation of Cerium Oxide Grains, 1-3: 



Fifty grams of cerium ammonium nitrate was added to «;nn « ^ 
resulting mixture, an aqueous solution -^^S^^^'SSS T"' ^ ^ Wth ^ the 

was dropwise added thereto (pH 10) and reM^th^^ \ I * % ^on,a in 500 g of distilled water 
tate. This white precipitate was separated throu^ rltr? ? Ur * r °° m tem P eratur e *> Qive a white precipi- 

and then dried in a ^^C^^SS^^ T 1° minUt6S ** separation. 

whrt r~:r h w ;t as c r m * <^^tt^ rts x - ray d — — ■* 

added" rcUm^^^ 

2800 rpm for 30 minutes tL we e obtainSthree mlta J ( * MOdel ' manufactured b V ™che) at 
Model, manufactured by Nikka-ki) me gra? £ S^SiST S ' UrrieS - USin ° a Coul,er ««* 0« 
grain size of the grains In each slurbs » S ™ nm ^nd m H m6aSUred - " W3S tound 1,131 the mean 
a relatively narrow grain size distribution ' ^ eaCh S ' Urry Was a mono<iispersed one having 



Formation of Insulating Layer: 



whists" 

yltrimethoxy S i.ane (1 mo.) with water and niTaS (4 ™ ls > and ^ 

onds. and dried on a hot plate at 250»C for 1 minute SiSS 5" 7* * 2 ' 500 rpm ,or 30 sec ' 

for 30 minutes to thereby form an insulatina lever th^L * " 3 heat ' n9 fUmaCe lnd baked therei " * 450-C 



. _„ ■ • — " ~ ■« niuie. misw 

for 30 minutes to thereby form an insulating layer thereon. 

Polishing of Insulating Layer: 



tHeS^al^^^^ 

orine resin attached thereto (the surface plate las ^pmvided with a mZTl^r?^ P3d ° f 3 f,u " 
« variable), with the side of the Si wafer being facedown A ShtnTS 6 ° f Wh ' Ch the number of revo,ution 

o surface plate was rotated at 50 rpm for ifes white' eaSi S the thS W "- PUl ^ hoHer that COndit,on ' the 
dropped thereonto. whereby the Luiatnoi^SJnn J^? ! * ° er ' Um ° X,de s,urries P re P ared ab ove was 
the Si wafer was released from he hS ^X^^^T T'^ ^ been thus P° ,ished - 
with nitric acid. This beaker was set in an ult rason! tSKXEES T and ,hereafter put int0 a beaker f 
ing confirmed that the bubbling resulting ^fT^SS^ «T?^ S , wafer was washed for 10 minutes. After hav- 
» beaker, water drops existing o'n its s^^rSS^a^^^ J 8 S ; Wafer was take " «*ol*. 
was dried in a drier at 120°C for 10 minutes Usinn Z S3 u ' a " d thereafter the Si wafer thus processed 
wafer before and after polishing iZl determ^ in thefilm «chn« of the Si 

wafer was cut off through the polishing r^^^^f T A ° f the insulatin 9 la V er of Si 

complete* unified throughout ?he emire sSce^^ *~ was almost 

tion was observed with SEM which verified tho, »hl L .T ', thus -P°"shed Si wafer was cut. and its cross sec- 
empty pores even in the grill beUea * S SSr ^ n ° Such as 
was repeated 6 times in all to form a 6-lavered 3„ I 9 1 ° f 01 Mm and a de P th of 10 Mm. This process 
with SEM. The SEM ^ * ^ ^ ^ SeCti0n W3S *^ 
the entire surface of the Si wafer subst^t^ 

Comparative Example 1 : 

samples prepared herein to have wirings of Tor^Z^t^tZ ™T °? ^ H ° W6Ver ' in *• 

cent upper and ,ower .ayers could not ensure theTn^ T "~ S ° the ad j a " 

wmngs of 3 or more .ayers cou.d not be formed in ^ Co^ZTe^T^ * foUnd *" 

amm°onte SetS JSLlSS ^ T ^ "* 3 Cd '° idal S " ica slu ^ ^ aqueous 
minutes. Thus, it was foundThtat he p ^o^ S 
entire surface of Si wafers. P***"*** of the colloidal silica slurry abrasive was very poor for flattening the 
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Example 2: 

Formation of Cerium Oxide Grains, 2-1: 

Fifty frams of cerium carbonate was added to 450 g of deionized water, and dispersed therein with a planetary ball 
mill at 2800 rpm for 15 minutes to obtain a white, cerium carbonate slurry. With stirring the slurry. 29.2 g of aqueous 
hydrogen peroxide (about 35 %) was dropwise added thereto, reacted for 1 hour with further storing, and thereafter 
heated up to 90°C in a water bath. After having been still stirred for 1 hour at 90°C, this was cooled to room temperature 
centrifuged for solid-liquid separation, and then dried in a drier at 120°C for 24 hours to obta.n 30 g of a whrte powder. 
io From its X-ray diffraction pattern, this white powder was identified as cerium oxide. Its specrfic surface area was meas- 
ured through nitrogen adsorption to be 1 1 1 m 2 /g. 

Formation of Cerium Oxide Grains, 2-2: 

,s Fifty grams of cerium nitrate was added to 500 g of deionized water, and well mixed. Then, with stirring the resulting 
mixture an aqueous solution as prepared by dissolving 75 g of ammonium hydrogencarbonate m 400 g of d.st.lled 
water was dropwise added thereto, and reacted as they were for 1 hour at room temperature to g.ve a .whrte precptate. 
This white precipitate was separated through centrifugation at 3000 rpm for 10 minutes for solid-bqu.d separation by a 
centrifuger. This was again put into 500 g of deionized water and well dispersed therein. Then , 60.9 g of aqueous hydro- 

20 gen peroxide (about 35 %) was dropwise added to the resulting dispersion and reacted for 1 hour wrth st.n st.rr ng rL 
Next this was heated up to 90»C in a water bath. After having been still stirred for 1 hour at 90°C. this was cooled to 
room temperature, separated for the solid from liquid by a centrifuger, and then dried in a drier at 120°C for 24 hours to 
obtain 20 g of a white powder. From its X-ray diffraction pattern, this white powder was identified as cenum ox.de. Its 
specific surface area was measured through nitrogen adsorption to be 1 12 m lg. 

25 

Formation of Cerium Oxide Grains. 2-3: 

Fifty grams of cerium ammonium nitrate was added to 500 g of deionized water, and well mixed. With stirring the 
resulting mixture, an aqueous solution as prepared by dissolving 27 g of aqueous ammonia .n 500 g of d.st.l ed I water 
30 was dropwise added thereto, and reacted as they were for 1 hour at room temperature to g.ve a wh.te prec.p.tata Th* 
white precipitate was separated through centrifugation at 3000 rpm for 1 0 minutes for sol,d-l,qu,d separation by a cen- 
trifuger. and then dried in a drier at 120°C for 24 hours to obtain 1 5 g of a white powder. From .ts X-ray Effraction pat- 
tern this white powder was identified as cerium oxide. Its specific surface area was measured through nitrogen 
adsorption to be 130 m 2 /g. 

35 

Formation of Cerium Oxide Slurries: 

Ten grams of each of those three cerium oxide powders was dispersed in 100 g of deionized water to which was 
added 1 g of ammonium polyacrylate. and dispersed with a planetary ball mill (P-5 Model, manufactured by Flrtche) at 
40 2800 rpm for 30 minutes. Thus were obtained three milky white cerium oxide slurries. Using a Coulter ^ counter ^(N-4 
Model, manufactured by Nikka-ki). the grain size distribution of each slurry was measured. It was found that the mean 
grain size of the grains in each slurry was small to be 176 nm, and that each slurry was a mono-d.spersed one havmg 
a relatively narrow grain size distribution. 

45 Formation of Insulating Layer: 

A 4-inch Si wafer having thereon an IC circuit and an aluminium wiring in that order was processed in the same 
manner as in Example 1 to form an insulating layer thereon. 

so Polishing of Insulating Layer: 

Using any of the cerium oxide slurries prepared above, the insulating layer formed on the Si wafer was polished in 
the same manner as in Example 1. Using an automatic ellipsometer. the change in the film th.ckness of heSnrihr 
before and after polishing it was determined, which verified that about 4.000 A of the .nsulatmg layer of the & wafe was 
55 cut off through the polishing, resulting in that the thickness of the thus-polished insulating layer was almost completely 
unified throughout the entire surface of the Si wafer. The thus-polished Si wafer was cut and .Is cross secton was 
observed with SEM. which verified that the insulating layer well covered the Si wafer wrth no defects such as empty 
pores even in the grooves between the wiring lines having a width of 0.1 ^m and a depth of 1 .0 jim. Th.s process was 
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5 Comparative Example 2: 

usinXVe^m S^hJ^^ T 7? " * Semic °" du *" substrate. Without 

samp,es prepared he^^h^^Tc^^ XSES? "7 T the SUbSfr3te - However ' in •» 
cent upper and lower layers could not ensure theTnsulS 1 ^ ' eVe ' Was 50 9reat that the * 

wiringsof3or m0 re,a y Lcou,d?or b ~ 

inthes^^ 

area of 4 m*/g. As a resuH SSElSS^f: J** ^ haVin9 3 ^surface 
is in Example 2. but the surface of the re^^J^^ \ W3S a ' m ° St the same as ,hat cut °« 

which had been 5 Kg, was reduce^ ^ weight to the holder, 

scratched. In this condition, however, only abou? 1 0OfTl of the layer was^ off ^ ft ° f * heinSU,atin 9 ™t 
rpm for 10 minutes. Thus, it was found that the DerformTno T, 3fter havin9 been P° ,ished * 50 

of Si wafers. 31 * he ? erformance °» this slurry was very poor for flattening the entire surface 

so 

Example 3: 

Formation of Cerium Oxide Grains. 3-1 : 

hydrogen peroxide (about 35 %) was drop^T a^^^Ttor VZ^V^T^ ^ 9 ° f &W 
heated up to 90-C in a water bath. After having been '^ther stmng. and thereafter 

separated the solid from liquid by a centrifuoer and thJn hZ? w ' thlS was cooled to room temperature. 

o powder. From its X-ray drLctton SS Se ^ was SSfJ, 20 " 0 24 h0UrS t0 ° btain 30 9 of a whte 
measured in a still standing method was V.07 g/ml "'^ 35 Cenum ° xide - lts a P? arent density as 

Formation of Cerium Oxide Grains. 3-2: 

water was dropwise added thereto ^a^react^Cwe'efon hoTST h f dr ° 9encart >° nate in g of distilled 
This white precipitate was separated through ^e^aa^a^^Z^ temperature to give a white precipitate, 
centrifuger. This was again puTInto 500 g ^SS^t^^^^S "S?"!S SeParafon by 3 
' gen peroxide (about 35 %) was dropwise added to the re suZ ? 6 ' 60 9 9 01 3queous ^K)- 

Next. this was heated up to 90°C in a wier baTh After SSS^T! feaC,ed for 1 h ° Ur With Sti " stirrin 9 *• 
room temperature, separated the solIdTom Zh 9 St ' rfed f0r 1 hour at 90 ° C - this »*s cooled to 

obtain 20 g of a white^wdlr ^Z^^l^^^ *** 3 *■» 31 12 °° C for 24 h ° u - * 
apparent density as measured in a stJl ^tendCmeS ^s l il^mT ^ idemi,ied &S ^ ^ te 

Formation of Cerium Oxide Grains, 3-3: 

resuS ^ a ~ ^ ^ - 

was dropwise added thereto, and reacted as Key were fo^hour 1 ? 5 °° 9 ° f diS,illed water 

white precipitate was separated througTce^ t0 9 ' ve a white P™**** This 

trtfuger. and then dried in a drier at wSTSKS^^fJ! "T Z "T*** 1 S6Parati ° n by 3 ce "- 
-^^^ 

Formation of Cerium Oxide Slurries: 

Ten grams o, each o, .hose three cehem oxide powde* „as dispel in ,00 g a, denized v»a,e, ,0 which ra s 
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added 1 g of ammonium polyacrylate, and dispersed with a planetary ball mill (P-5 Model, manufactured by FLITCHE) 
at 2800 rpm for 30 minutes. Thus were obtained three milky white cerium oxide slurries. Using a Coulter counter (N-4 
Model, manufactured by Nikka-ki), the grain size distribution of each slurry was measured. It was found that the mean 
grain size of the grains in each slurry was small to be 176 nm, and that each slurry was a mono-dispersed one having 
a relatively narrow grain size distribution. 

Formation of Insulating Layer: 

A 4-inch Si wafer having thereon an IC circuit and an aluminum wiring in that order was processed in the same 
manner as in Example 1 to form an insulating layer thereon. 

Polishing of Insulating Layer: 

Using any of the cerium oxide slurries prepared above, the insulating layer formed on the Si wafer was polished in 
the same manner as in Example 1 . Using an automatic ellipsometer, the change in the film thickness of the Si wafer 
before and after polishing it was determined, which verified that about 4,000 A of the insulating layer of the Si wafer was 
cut off through the polishing, resulting in that the thickness of the thus-polished insulating layer was almost completely 
unified throughout the entire surface of the Si wafer. The thus-polished Si wafer was cut, and its cross section was 
observed with SEM, which verified that the insulating layer well covered the Si wafer with no defects such as empty 
pores even in the grooves between the wiring lines having a width of 0.1 p.m and a depth of 1.0 nm. This process was 
repeated 6 times in all to form a 6-layered wiring on the Si wafer, of which the cross section was observed with SEM. 
The SEM observation verified that there was almost no difference in surface level in each layer throughout the entire 
surface of the Si wafer substrate and that the wiring patterns formed were all good and accurate. 

Comparative Example 3: 

In the same manner as in Example 3, an insulating film layer was formed on a semiconductor substrate. Without 
using the cerium oxide slurry herein, tried was the formation of multi-layered wirings on the substrate. However, in the 
samples prepared herein to have wirings of 3 or more layers, the difference in surface level was so great that the adja- 
cent upper and lower layers could not ensure the insulating performance therebetween. It was found that multi-layered 
wirings of 3 or more layers could not be formed in this Comparative Example 3. 

On the other hand, polishing of the insulating film layer same as mentioned above was tried with a slurry prepared 
in the same manner as mentioned above using a commercially-available cerium oxide grains having an apparent den- 
sity as measured in a still standing method of 1.33 g/ml. As a result, about 4,100 A of the insulating layer was cut off, 
which was almost the same as that cut off in Example 3. but the surface of the insulating layer polished herein was much 
scratched. Then, the weight to the holder, which had been 5 kg, was reduced to 1 kg. Using the weight of 1 kg, the pol- 
ished surface of the insulating layer was not scratched. In this condition, however, only about 1000 A of the layer was 
cut off even after having been polished at 50 rpm for 10 minutes. Thus, it was found that the performance of this slurry 
was very poor for flattening the entire surface of Si wafers. 

Example 4: 

Formation of Cerium Oxide Grains, 4-1: 

Fifty grams of cerium carbonate was added to 450 g of deionized water, and dispersed therein with a planetary ball 
mill at 2800 rpm for 15 minutes to obtain a white, cerium carbonate slurry. With stirring the slurry, 29.2 g of aqueous 
hydrogen peroxide (about 35 %) was dropwise added thereto, reacted for 1 hour with further stirring, and thereafter 
heated up to 90°C in a water bath. After having been still stirred for 1 hour at 90°C, this was cooled to room temperature, 
separated the solid from liquid by a centrifuger, and then dried in a drier at 120°C for 24 hours to obtain 30 g of a white 
powder. From its X-ray diffraction pattern, this white powder was identified as cerium oxide. Its apparent density as 
measured in a tapping method was 1 .43 g/ml. Formation of Cerium Oxide Grains, 4-2: 

Fifty grams of cerium nitrate was added to 500 g of deionized water, and well mixed. Then, with stirring the resulting 
mixture, an aqueous solution as prepared by dissolving 75 g of ammonium hydrogencarbonate in 400 g of distilled 
water was dropwise added thereto, and reacted as they were for 1 hour at room temperature to give a white precipitate. 
This white precipitate was separated through centrifugation at 3000 rpm for 10 minutes for solid-liquid separation by a 
centrifuger. This was again put into 500 g of deionized water and well dispersed therein. Then, 60.9 g of aqueous hydro- 
gen peroxide (about 35 %) was dropwise added to the resulting dispersion and reacted for 1 hour with still stirring it. 
Next, this was heated up to 90°C in a water bath. After having been still stirred for 1 hour at 90°C, this was cooled to 



15 



EP0 820 092 A1 



*Pp a ran,£nafcaa^£^C« 



Formation of Cerium Oxide Grains, 4-3: 
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Example 5: 



Formation ol Cerium Oxide Grains, 5-1 : 

Fifty grams of cerium carbonate was added to 450 g of deionized water, and dispersed therein with a planetary ball 
mill at 2800 rpm for 15 minutes to obtain a white, cerium carbonate slurry. With stirring the slurry. 29.2 g of aqueous 
hydrogen peroxide (about 35 %) was dropwise added thereto, reacted for 1 hour w,th further ^Imh 
heated up to 90°C in a water bath. After having been still stirred for 1 hour at 90°C, th.s was coo ed b >m l^dn 
separate? the solid from liquid by centrifuger. and then dried in a drier at 120°C for 24 hours to obtain 30 g of a whrte 
powder From its X-ray diffraction pattern, this white powder was identified as cenum ox.de. The half-value width of the 
main peak appearing in the powdery X-ray diffraction pattern of this powder was measured to be 1 .38 . 

Formation of Cerium Oxide Grains, 5-2: 

Fifty grams of cerium nitrate was added to 500 g of deionized water, and well mixed. Then, with stirring the resulting 
mixture an aqueous solution as prepared by dissolving 75 g of ammonium hydrogencarbonate in 400 g of distilled 
water was dropwise added thereto, and reacted as they were for 1 hour at room temperature to give a wh.te precipitate. 
This wh*e precipitate was separated through centrifugation at 3000 rpm for 10 minutes for sohd-hqu|d reparation by a 
centrifuger This was again put into 500 g of deionized water and well dispersed there.n. Then 60.9 g of ^aqueous ^hydro- 
gen peroxide (about 35 %) was dropwise added to the resu.ting dispersion and reacted for 1 hour with st.H st.rr.ng ± 
Next this was heated up to 90°C in a water bath. After having been still stirred for 1 hour at 90°C, th,s was cooled to 
temperature, centrlged for solid-liquid separation, and then dried in a drier at 1 20°C for 24 hours tc > obtain , 20 g 
of a white powder. From its X-ray diffraction pattern, this white powder was identrf.ed as cenum ox.de The half-value 
width of the main peak appearing in the powdery X-ray diffraction pattern of this powder was measured to be 1 .30 

Formation of Cerium Oxide Grains. 5-3: 

Fifty grams of cerium ammonium nitrate was added to 500 g of deionized water, and well rnixed. stJrring 1 lha 
resulting mixture, an aqueous solution as prepared by dissolving 27 g of aqueous ammonia m 500 s , of** ed water 
was dropwise added thereto, and reacted as they were for 1 hour at room temperature to give a white Fecptate. TUs 
white precipitate was separated through centrifugation at 3000 rpm for 1 0 minutes for sol.d-l.quid separate by a ^cen- 
trifuger. and then dried in a drier at 120°C for 24 hours to obtain 15 g of a white powder. From .ts X^dM»at 
tern this white powder was identified as cerium oxide. The half-value width of the mam peak appear.ng .n the powdery 
X-ray diffraction pattern of this powder was measured to be 1 .44° . 

Formation of Cerium Oxide Slurries: 

Ten grams of each of those three cerium oxide powders was dispersed in 100 g of deionized water to which was 
added 1 g of ammonium po.yacry.ate. and dispersed with a p.anetary ball mill (P-5 Mode manufactured by Flrtehe) at 
2800 rpm for 30 minutes. Thus were obtained three milky white cerium oxide slurr.es. Us.ng a Coulter counter N-4 
Model manufactured by Nikka-ki). the grain size distribution of each slurry was measured. It was found that the mean 
g^ain size of the grains In each slurry was small to be 176 nm. and that each slurry was a mono-d.spersed one having 
a relatively narrow grain size distribution. 

Formation of Insulating Layer: 

A 4-inch Si wafer having thereon an IC circuit and an aluminium wiring pattern in that order was processed in the 
same manner as in Example 1 to form an insulating layer thereon. 



Polishing of Insulating Layer: 



Using any of the cerium oxide slurries prepared above, the insulating layer formed on the Si wafer was polished .n 
the same manner as in Example 1. Using an automatic ellipsometer, the change in the film th.ckness of the S. wafer 
before and after polishing rt was determined, which verrfied that about 4.000 A of the insulating layer of the S. >waf er was 
cut off through the polishing, resulting in that the thickness of the thus-polished .nsulat.ng layer was almost conpletely 
unified throughout the entire surface of the Si wafer. The thus-polished Si wafer was cut. and .ts cross section was 
observed with SEM. which verified that the insulating layer well covered the S. wafer w.th no defects such as empty 
pores even in the grooves between the wiring lines having a width of 0.1 urn and a depth of 1 .0 urn. Th.s process was 
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Comparative Example 5: 



Example 6: 

Formation of Cerium Oxide Grains, 6-1 : 



Formation of Cerium Oxide Grains, 6-2: 
Formation of Cerium Oxide Grains, 6-3: 

was dropwise added thereto aSkeaaS aX^Sl^T' J 8 °' aqUe0U5 ammcnla in 600 9 01 disellKl ««" 
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trifuger and then dried in a drier at 120°C for 24 hours to obtain 15 g of a white powder. From its X-ray diffraction pat- 
tern, this white powder was identified as cerium oxide. The size of the primary grain in the powder was measured 
through transmitting electromicroscopic observation to be from about 5 to about 10 nm. 

Formation of Cerium Oxide Slurries: 

Ten grams of each of those three cerium oxide powders was dispersed in 100 g of deionized water, to which was 
added 1 g of ammonium polyacrylate, and dispersed with a planetary ball mill (P-5 Model, manufactured by Flrtche) at 
2800 rpm for 30 minutes. Thus were obtained three milky white cerium oxide slurries. Using a Coulter counter (N-4 
Model manufactured by Nikka-ki). the grain size distribution of each slurry was measured. It was found that the mean 
grain size of the grains in each slurry was small to be 176 nm, and that each slurry was a mono-d.spersed one having 
a relatively harrow grain size distribution. 

Formation of Insulating Layer: 

A 4-inch Si wafer having thereon an IC circuit and an aluminum wiring pattern in that order was processed in the 
same manner as in Example 1 to form an insulating layer thereon. 

Polishing of Insulating Layer: 

Using any of the cerium oxide slurries prepared above, the insulating layer formed on the Si wafer was polished in 
the same manner as in Example 1. Using an automatic ellipsometer. the change in the film thickness of the S. wafer 
before and after polishing it was determined, which verified that about 4,000 A of the insulating layer of the S. wafer was 
cut off through the polishing, resulting in that the thickness of the thus-polished insulating layer was almost completely 
unified throughout the entire surface of the Si wafer. The thus-polished Si wafer was cut, and its cross section was 
observed with SEM. which verified that the insulating layer well covered the Si wafer with no defects such as empty 
pores even in the grooves between the wiring lines having, a width of 0.1 urn and a depth of 1 .0 urn. Th.s process ; was 
repeated 6 times in all to form a 6-layered wiring on the Si wafer, of which the cross section was observed with SEM. 
The SEM observation verified that there was almost no difference in surface level in each layer throughout the entire 
surface of the Si wafer substrate and that the wiring patterns formed were all good and accurate. 

Comparative Example 6: 

■In the same manner as in Example 6. an insulating film layer was formed on a semiconductor substrate. Without 
using the cerium oxide slurry herein, tried was the formation of multi-layered wirings on the substrate. However, in the 
samples prepared herein to have wirings of 3 or more layers, the difference in surface level was so great that the adja- 
cent upper and lower layers could not ensure the insulating performance therebetween. It was found that multi-layered 
wirings of 3 or more layers could not be formed in this Comparative Example 6. 

On the other hand, polishing of the insulating f ilm layer same as mentioned above was tried with a slurry prepared 
in the same manner as mentioned above using a commercially-available cerium oxide grains, of which the primary 
grains were found to have a primary grain size of about 50 nm through transmitting electromicroscopic observation. As 
a result only about 2,000 A of the insulating layer was cut off through the polishing and, in addition, the polished surface 
of the layer was much scratched. Then, the weight to the holder, which had been 5 kg, was reduced to 1 kg. Using the 
weight of 1 kg, the polished surface of the layer was not scratched. In this condition, however, only about 500 A of the 
layer was cut off even after having been polished at 50 rpm for 10 minutes. Thus, it was found that the performance of 
this slurry was very poor for flattening the entire surface of Si wafers. 

Example 7: 

Formation of Cerium Oxide Grains, 7-1: 

Fifty grams of cerium carbonate was added to 450 g of deionized water, and dispersed therein with a planetary ball 
mill at 2800 rpm for 15 minutes to obtain a white, cerium carbonate slurry. With stirring the slurry. 29.2 g of aqueous 
hydrogen peroxide (about 35 %) was dropwise added thereto, reacted for 1 hour with further stirring, and thereafter 
heated up to 90°C in a water bath. After having been still stirred for 1 hour at 90°C, this was cooled to room temperature, 
centrifuged for solid-liquid separation, and then dried in a drier at 120°C for 24 hours to obtain 30 g of a white powder. 
From its X-ray diffraction pattern, this white powder was identified as cerium oxide. The primary grain size in the powder 
was measured through transmitting electromicroscopic observation to be from about 5 to about 10 nm. Through scan- 
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ning electromicroscopic observation, the secondarygrain size in H 'was measured to be about 0.2 ,m. 
Formation of Cerium Oxide Grains, 7-2: 

water was dropwise added Iheretd and , Sated as^el i™ L , h T "y*°9enca*onate in 400 g of distilled 
This white precipriate was %S£T2S? '"^ 

centrifuger. This was again put into 500 a of dafanmrt fin ,, ? minutes for solid-liquid separation by a 

0 gen peroxide (about 35 %) wl *opwise ^SSrSSrSlJS T ^ therein " ^ 60 9 9 ° f aque0US h ^°- 
Next, this was heated up to 90°C n a Twater It A« er h I k SPerS '° n a " d re3Cted ,0r 1 hour with sti " ^ring it- 
room temperature, separa ted the soltdTom Sd bv a ~I? ^ 2? 8 " TOd for 1 h ° Ur at 90 ° C ' «■ — «°W to 
obtain 20 g of a white^powder ^m s S^STSS? " Tl" ^ * 24 ^ 10 
size of the primary grain in the powder was measured ^h'telT^n^ ™ 35 C6riUm 0Xide " ^ 

1 about 2 to about 5 nm. Through scanning SS^SZS tTZ^^^^-**^ 
measured to be from about 0.2 to about 0.3 nm. enervation, the size of the secondary gram in it was 

Formation of Cerium Oxide Grains, 7-3: 

was dropwise added thereto and reacted as thtv Z»L <~ ^ 9 f 9 q Ue0US ammonia in 50 ° 9 of distilled water 
white precipitate was separated S^eSJ^^aoo^^S t0 ^ 3 ^ ™ s 

trifuger. and then dried in a drier at ItcTJSESES ShS n ' , ° * ^ SO,id " ,iqUid S6parati0n b * a cen - 
tern. this white powder was identified as S^SLt^ T * ^ diffraCti ° n pa <- 
through transmitting eiectromicroscopic observation to be^ ^ 5 to^i^"^ T** ^ 
croscopic observation, the size of the secondary grain in it waTmeasl^ 

Formation of Cerium Oxide Slurries: 

2800 rpm for 30 minutes £ we e obTainS three ml 5a " mi " (P " 5 M ° del " "-w**-*! by Flitche) at 

Mode), manufactured by Nikka^ Jtheg^J ^sfze disfrSn of TT ° fl * S ' UrrieS - Usi " 9 3 Coulter <N« 
grain size of the grains in each 2iry^JSS?StS^^^ T? m6aSUred - 1 W3S tomd ,hat the mean 
a relatively narrow grain size distSon ' d e3Ch S,Urry Was a ™n°-dispersed one having 

Formation of Insulating Layer: 



Polishing of Insulating Layer: 



" mesT/Zo^E^^ 

before and after polishin ^ IS deter^L TI^k ,^ J""?** ,he » *• film thickness of the Si »afer 

cut„« hough ^MX^XT^^^S^ 4 -T^ me ^^^ rt,taa ^^ 
unilied throughout the entii surface the Si £TJJS£ 'fed insulating layer was almost completely 

so observed with SEM. which verified that the in«HL™ i thus :, pollshed a " a, » r was cut. and its cross section was 
pores jn* »e s ,coves b^ffJSSTSS ^^^^^0^"* " ™ 

Comparative Example 7: 

in the same manner as in Exam^e 7. an insulating film iayer was formed on a semiconductor substrata Without 
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using the cerium oxide slurry herein, tried was the formation of multi-layered wirings on the substrate. However, in the 
samples prepared herein to have wirings of 3 or more layers, the difference in surface level was so great that the adja- 
cent upper and lower layers could not ensure the insulating performance therebetween. It was found that multi-layered 
wirings of 3 or more layers could not be formed in this Comparative Example 7. 

On the other hand, polishing of the insulating film layer same as mentioned above was tried with a slurry prepared 
in the same manner as mentioned above using a commercially-available cerium oxide grains, of which the primary 
grains and the secondary grains were found to have a primary grain size of about 50 nm and a secondary gram size of 
about 5.0 (im. respectively, through transmitting electromicroscopic observation and scanning electromicroscopic 
observation. As a result, only about 2,000 A of the insulating layer was cut off through the polishing and, in addition, the 
polished surface of the layer was much scratched. Then, the weight to the holder, which had been 5 kg, was reduced 
to 1 kg. Using the weight of 1 kg, the polished surface of the layer was not scratched. In this condition, however, only 
about 500 A of the layer was cut off even after having been polished at 50 rpm for 10 minutes. Thus, it was found that 
the.performance of this slurry was very poor tor flattening the entire surface of Si wafers, 
v, • 

Example 8: 

Formation of Cerium Oxide Grains, 8-1 : 

Fifty grams of cerium carbonate was added to 450 g of deionized water, and dispersed therein with a planetary ball 
mill at 2800 rpm for 15 minutes to obtain a white, cerium carbonate slurry. With stirring the slurry, 29.2 g of aqueous 
hydrogen peroxide (about 35 %) was dropwise added thereto, reacted for 1 hour with further stirring, and thereafter 
heated up to 90°C in a water bath. After having been still stirred for 1 hour at 90°C, this was cooled to room temperature, 
centrifuged for solid-liquid separation, and then dried in a drier at 120°C for 24 hours to obtain 30 g of a white powder. 
From its X-ray diffraction pattern, this white powder was identified as cerium oxide. The size of the secondary grain in 
the powder was measured through scanning electromicroscopic observation to be about 0.2 ,im. In addition, it was 
found that the outline of each of those secondary grains had almost no sharp corners and was gently roundish. 

Formation of Cerium Oxide Grains, 8-2: 

Fifty grams of cerium nitrate was added to 500 g of deionized water, and well mixed. Then, with stirring the resulting 
mixture an aqueous solution as prepared by dissolving 75 g of ammonium hydrogencarbonate in 400 g of distilled 
water was dropwise added thereto, and reacted as they were for 1 hour at room temperature to give a white precipitate. 
This white precipitate was separated through centrifugation at 3000 rpm for 10 minutes for solid-liquid separation by a 
centrifuger. This was again put into 500 g of deionized water and well dispersed therein. Then, 60.9 g of aqueous hydro- 
gen peroxide (about 35 %) was dropwise added to the resulting dispersion and reacted for 1 hour with still stirring it. 
Next this was heated up to 90°C in a water bath. After having been still stirred for 1 hour at 90°C, this was cooled to 
room temperature, separated the solid from liquid by a centrifuger, and then dried in a drier at 120°C for 24 hours to 
obtain 20 g of a white powder. From its X-ray diffraction pattern, this white powder was identified as cerium oxide. The 
size of the secondary grain in the powder was measured through scanning electromicroscopic observation to be from 
about 0.2 to about 0.3 nm. In addition, it was found that the outline of each of those secondary grains had almost no 
sharp corners and was gently roundish. 

Formation of Cerium Oxide Grains, 8-3: 

Fifty grams of cerium ammonium nitrate was added to 500 g of deionized water, and well mixed. With stirring the 
resulting mixture, an aqueous solution as prepared by dissolving 27 g of aqueous ammonia in 500 g of distilled water 
was dropwise added thereto, and reacted as they were for 1 hour at room temperature to give a white precipitate. This 
white precipitate was separated through centrifugation at 3000 rpm for 1 0 minutes for solid-liquid separation by a cen- 
trifuger, and then dried in a drier at 120°C for 24 hours to obtain 1 5 g of a white powder. From its X-ray diffraction pat- 
tern this white powder was identified as cerium oxide. The size of the secondary grain in the powder was measured 
through scanning electromicroscopic observation to be about 0.2 fim. In addition, it was found that the outline of each 
of those secondary grains had almost no sharp corners and was gently roundish. 

Formation of Cerium Oxide Slurries: 

Ten grams of each of those three cerium oxide powders was dispersed in 100 g of deionized water, to which was 
added 1 g of ammonium polyacrylate, and dispersed with a planetary ball mill (P-5 Model, manufactured by Flitche) at 
2800 rpm for 30 minutes. Thus were obtained three milky white cerium oxide slurries. Using a Coulter counter (N-4 
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a relatively nan™ grain si*, disS™ ' ° eaCh ""* a "««H*P««i one having 

5 Formation of Insulating Layer: 

Polishing of Insulating Layer: 
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40 Example 9: 

Formation of Cerium Oxide Grains. 9-1 : 
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Formation of Cerium Oxide Grains, 9-2: 
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gen peroxide (about 35 %) was dropwise added to the resulting dispersion and reacted for 1 hour with still stirring it. 
Next, this was heated up to 90°C in a water bath. After having been still stirred for 1 hour at 90-C this was cooled to 
room temperature, separated the solid from liquid by a centrifuger, and then dried in a dr.er at 120»C for 24 hours to 
obtain 20 g of a white powder. From its X-ray diffraction pattern, this white powder was identified as cerium oxide. The 
aspect ratio of the primary grains in the powder was measured through transmitting electromicroscopy to be 1 .4. 

Formation of Cerium Oxide Grains. 9-3: 

Fifty grams of cerium ammonium nitrate was added to 500 g of deionized water, and well mixed. With stirring the 
resulting mixture, an aqueous solution as prepared by dissolving 27 g of aqueous ammonia in 500 g of distilled water 
was dropwise added thereto, and reacted as they were for 1 hour at room temperature to give a white precipitate. Th.s 
white precipitate, was separated through centrifugation at 3000 rpm for 10 minutes for solid-liquid separation by a cen- 
trifuger, and then dried in a drier at 120°C for 24 hours to obtain 1 5 g of a white powder. From its X-ray diffraction pat- 
tern, this white powder was identified as cerium oxide. The aspect ratio of the primary grains in the powder was 
measured through transmitting electromicroscopy to be 1 .2. 

Formation of Cerium Oxide Slurries: 

Ten grams of each of those three cerium oxide powders was dispersed in 100 g of deionized water, to which was 
added 1 g of ammonium polyacrylate, and dispersed with a planetary ball mill (P-5 Model, manufactured by Flitche) at 
2800 rpm for 30 minutes. Thus were obtained three milky white cerium oxide slurries. Using a Coulter counter (N-4 
Model manufactured by Nikka-ki), the grain size distribution of each slurry was measured. It was found that the mean 
grain size of the grains in each slurry was small to be 176 nm. and that each slurry was a mono-dispersed one having 
a relatively narrow grain size distribution. 

Formation of Insulating Layer: 

A 4-inch Si wafer having thereon an IC circuit and an aluminium wiring pattern in that order was processed in the 
same manner as in Example 1 to form an insulating layer thereon. 

Polishing of Insulating Layer: 

ising any of the cerium oxide slurries prepared above, the insulating layer formed on the Si wafer was polished in 
the same manner as in Example 1 . Using an automatic ellipsometer. the change in the film th.ckness of the S. wafer 
before and after polishing it was determined, which verified that about 4,000 A of the insulating layer of the S. wafer was 
cut off through the polishing, resulting in that the thickness of the thus-polished insulating layer was almost completely 
unified throughout the entire surface of the Si wafer. The thus-polished Si wafer was cut, and its cross section was 
observed with SEM, which verified that the insulating layer well covered the Si wafer with no defects such as empty 
pores even in the grooves between the wiring lines having a width of 0.1 um and a depth of 1 .0 urn. This process was 
repeated 6 times in all to form a 6-layered wiring on the Si wafer, of which the cross section was observed with SEM. 
The SEM observation verified that there was almost no difference in surface level in each layer throughout the entire 
surface of the Si wafer substrate and that the wiring patterns formed were all good and accurate. 

Comparative Example 9: 

In the same manner as in Example 9, an insulating film layer was formed on a semiconductor substrate. Without 
using the cerium oxide slurry herein, tried was the formation of multi-layered wirings on the substrate. However, in the 
samples prepared herein to have wirings of 3 or more layers, the difference in surface level was so great that the adja- 
cent upper and lower layers could not ensure the insulating performance therebetween. It was found that mulf-layered 
wirings of 3 or more layers could not be formed in this Comparative Example 9. 

On the other hand, polishing of the insulating film layer same as mentioned above was tried with a slurry prepared 
in the same manner as mentioned above, but using a commercially-available cerium oxide grains, of which the primary 
grains were found to have an aspect ratio of 3.0 through transmitting electromicroscopic observation. As a result abou 
4 000 A of the insulating layer was cut off. which was almost the same as that cut off in Example 9. but the surface of 
the insulating layer polished herein was much scratched. Then, the weight to the holder, which had been 5 kg. was 
reduced to 1 kg. Using the weight of 1 kg, the polished surface of the layer was not scratched. In this condit.on, however^ 
only about 500 A of the layer was cut off even after having been polished at 50 rpm for 10 minutes. Thus, rt was found 
that the performance of this slurry was very poor for flattening the entire surface of Si wafers. 
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Example 10: .... 

Formation of Cerium Oxide Grains, 10-1: 



mi..a^80^ 

hydrogen peroxide (about 35 %) was S££ adSd ,T ^ *" ^ 29 2 9 * ac " ueous 
heated up to 90°C in a water bath. After E b ^^t^S^-** ^ h ?J«™ 9 - ^ hereafter 
separated the solid from liquid by a centrifuger and then d H^in 1 hh " h ' S WaS COoled t0 room temperature. 

> powder. FromftsX-raydiff?^ 120°C for 24 hours to obtain 30 g of a whrte 

measured through nitrogen adsorption w^iT^KfS^S^ add * ' tS Sp6Cific Surface area as 

1-07 g/m.; its apparent density as "measured I n Ttapp SgZZ^TaT^tZ^^ ^ 
gave a main peaK of which the half-value width wasTss- SpSJ^ *h! ? ' X " ray ^^on pattern 

Formation of Cerium Oxide Grains, 10-2: 

water was dropwise added thereto > anTrelcteVas ^ 1 ^^^onate in 400 g of disti.teS 

This white precipitate was separ^rought SSS^SSX^ZS "T? * 9iVe 3 White predpitate - 
centrifuger. This wasagain put intoSOO g of deionted «SS and S SZ^VJ S6para,ion b * a 
gen peroxide (about 35 %) was dropwise addec I to f dlSperSed there,rr Then - 60 -9 9 of aqueous hydro- 

Next, this was heated up to 90°C in a w^terbatti After ESS? ^n' 0 " and rSaCled for 1 hour with sti » s,i ™9 «. 
room temperature, separated the seldom by J 2Z!TJ?i2^f -S ■ T at 9 °° a 1,115 W3S ^ to 
obtain 20 g of a white powder From its X-rav dlln ^ u ^ dned m a dner a1 120 ° C ,or 24 h °urs to 
specie surface area as measu^r^^ "-f* as cerium oxide. Hs 

still standing method was 1 .1 1 g/ml- its aooarent dpn^K « ,1 " J 9 ' S a PP arent density as measured in 
X-ray diffraction pattern gave aln'p^^ 



d as cerium oxide. Its 
>ity as measured in a 

X-ray diffraction pattern"gave a mahpeak^ Z^telZ*™^ 3 t3PPin9 m6th ° d WaS 152 "** its powdery 
powder was measured ^rough^nS WaS J 300 ; * e size of the P rimarv 9rain in the 

size of the secondary grarns'coSS tn ESETS^^^ * 5 ^ 9rain 

about 0.2 to about 0.3 ^m; and the outjfne of S of Those secnnS^ n 9 TT? 9 e,ectromicro sco P y to be from 
35 gently roundish. 0 th0Se s 800 *** Qrains had almost no sharp corners and was 

Formation of Cerium Oxide Grains, 10-3: 

- result ^^^^-^^ « " ^ ^ "» » a 

was dropwise added thereto, and reacted as Tey were fo?i S at 1™ T m 500 9 of disti,led wa,e ' 

white precipitate was separated through "J££Z^££^^ temperature to give a white precipitate. This 
thfuger. and then dried in a drier at 120°C To Z hTs 2 ob^in ^ , ° T^* ** M ^ ^ration by a cen- 
tern. this white powder was identified as ^ 

* adsorption was 130 rn^/g; i1s a PP J^T d ^aZ^Jt ^ 35 me3SUred thr ° U9h nitr ^ en 

sity as measured in a tapping methed was 4 9 h v andm9 m6th0d WaS 1 08 & ml - its Went den- 

the half-value width was 144° : Z^^^ST^ P*tom gave a main peak, of which 

microscopy to be from about 5 to about I^^^Z^T^ ""*■ transmi « in 9 ala *ro- 

scanning electromicroscopy to be about 0.2 Z\ and the o^ne TZZSEZ" the powder was measured through 
so corners and was gently roundish. 6 OU, " ne of each of those secondary grains had almost no sharp 



Formation of Cerium Oxide Slurries: 



Flilcheja 2600 for 30 minutes SSE^ ml " (P ' 5 Model - ™m*>«ured by 

(1*4 Mod* manuteaoredbyNlto™ rt^fo^J^J?^rr^^*^ a ^^« 
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having a relatively narrow grain size distribution. 
Formation of Insulating Layer: 

5 A 4-inch Si wafer having thereon an IC circuit and an aluminium wiring pattern in that order was processed in the 

same manner as in Example 1 to form an insulating layer thereon. 

Polishing of Insulating Layer: 

to .Using any of the cerium oxide slurries prepared above, the insulating layer formed on the Si wafer was polished in 
the same manner as in Example 1. Using an automatic ellipsometer, the change in the film thickness of the Si wafer 
before and after polishing it was determined, which verified that about 4,000 A of the insulating layer of the Si wafer was 
cut off through the polishing, resulting in that the thickness of the thus-polished insulating layer was almost completely 
unified throughout the entire surface of the Si wafer. The thus-polished Si wafer was cut, and its cross section was 

is observed with SEM, which verified that the insulating layer well covered the Si wafer with no defects such as empty 
pores even in the grooves between the wiring lines having a width of 0.1 and a depth of 1 .0 urn. This process was 
repeated 6 times in all to form a 6-layered wiring on the Si wafer, of which the cross section was observed with SEM. 
The SEM observation verified that there was almost no difference in surface level in each layer throughout the entire 
surface of the Si wafer substrate and that the wiring patterns formed were all good and accurate. 

so Under the same condition, the CVD film (of Si0 2 ) formed on the Si wafer was polished, resulting in that only about 
200 A of the film was cut off. In this, the ratio of the polishing speed for the CVD film to that for the organic SOG film 
was about 1/20, from which it was confirmed that only the SOG film was well selectively polished with the abrasive used 
herein. 

25 Comparative Example 10: 

In the same manner as in Example 10, an insulating film layer was formed on a semiconductor substrate. Without 
using the cerium oxide slurry herein, tried was the formation of multi-layered wirings on the substrate. However, in the 
samples prepared herein to have wirings of 3 or more layers, the difference in surface level was so great that the adja- 

30 cent upper and lower layers could not ensure the insulating performance therebetween. It was found that multi-layered 
wirings of 3 or more layers could not be formed in this Comparative Example 9. 

On the other hand, the insulating film layer formed herein was polished with a colloidal silica slurry with aqueous 
ammonia (SS-225, trade name of Cabot). In this, however, only about 400 A of the layer was polished at 50 rpm for 10 
minutes. Thus, it was found that the performance of the colloidal silica slurry abrasive was very poor for flattening the 

35 entire surface of Si wafers. Under the same condition, the CVD film formed on the substrate was polished, resulting in 
that about 400 A of the film was cut off. In this, therefore, the ratio of the polishing speed for the CVD film to that for the 
organic SOG film was 1. which indicates that the colloidal silica slurry cannot be used in selectively polishing only the 
organic SOG film. 

40 Claims 

1. A cerium oxide abrasive for polishing an insulating film formed on predetermined substrates, which comprises a 
slurry of cerium oxide grains as dispersed in water. 

45 2. The cerium oxide abrasive as claimed in claim 1 , in which said cerium oxide grains are obtained by oxidizing a 
water-insoluble, tri-valent cerium compound as dispersed in water, with an oxidizing agent. 

3. The cerium oxide abrasive as claimed in claim 1 , in which said cerium oxide grains are obtained by oxidizing a 
water-insoluble cerium compound as prepared from an aqueous solution of a water-soluble, tri-valent cerium com- 

so pound, with an oxidizing agent. 

4. The cerium oxide abrasive as claimed in claim 2 or 3. in which said oxidizing agent is hydrogen peroxide. 

5. The cerium oxide abrasive as claimed in claim 1 , in which said cerium oxide grains are obtained by neutralizing or 
55 alkalifying an aqueous solution of a tri-valent cerium compound. 

6. The cerium oxide abrasive as claimed in claim 1 , in which said cerium oxide grains have a specific surface area of 
not smaller than 25 m 2 /g. 
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7. The cerium oxide abrasive as claimed in claim'l . in which said cerium oxide grains have an apparent densitv as 
measured in a still standing method of not larger than 1 .30 g/ml. PP ^ 38 

8 ' mpL Cer !i m ° Xi f 6 abraSlVe 35 daimed in daim 1 ' in which said cerium oxide 9rains have an apparent density as 
measured in a tapping method of not larger than 1 .60 g/ml. apparem aensity as 

9. The cerium oxide abrasive as claimed in daim 1 , in which the powdery X-ray diffraction pattern of said cerium oxidP 
grams gr/es a main peak having a half-value width of not smaller than 0.4° 

10 " mary^n sSfof ^ * ' ' WhiCh ^ 9ra ' nS ° f S3id Cerium 0xide 9™* *™"g a pri- 

soTof™^ 

11. The cerium oxide abrasive as claimed in claim 1, 

12. The cerium oxide abrasive as claimed in claim 1, 

sa.d secondary grains each give an outline with no edges having an angle of smaller than 120° . 

13 ' Is^rS °f d6 t 35 C ' aimed daim 1 ' in Which primar y grains of said cerium oxide grains having an 

aspect rat.o of not larger than 2.0 are not smaller than 90 % of the total number of the grains. 

14. The cerium oxide abrasive as claimed in any one of claims 1 to 13. in which said slurry contains a dispersant. 

1 5. The cerium oxide abrasive as claimed in claim 14. in which said dispersant is at least one selPrtPrf fmm 
able organic polymers. water-so.uUe anionic surfactants. water-soTu^ 

16. The cerium oxide abrasive as claimed in any one of claims 1 to 13. in which said slurry is an alkaline slurry. 

17. The cerium oxide abrasive as claimed in claim 16. in which said slurry has a pH of from 8 to 12. 

18 ' ISnarte Z ZT^IZ* 38 C ' aim< 5 any 006 ° f C,aims 1 t0 17 ' in which «*» s'urry comprises not larger than 
10 parts by weight of sa.d cerium ox,de grains as dispersed in 100 parts by weight of an aqueous solvent 

19 " torep^TsC UCin9 3 C6riUm ° Xide 3braSiVe ' WhiCh COmPriS8S 3 S,6P ° f diSPerSin9 C6riUm ° Xide 9 rainS in ««» 

20 " strTte "arS fstTo^ 3 ^ ° f ^ a " inSU,atin 9 fi,m on a determined sub- 

strate and a step of pol.sh.ng said .nsulat.ng f,lm with a cerium oxide abrasive described in any one of claims 1 to 

21 ' ^l^*!"^ 9 SUbStrat6S " daim 2 °' in wNch Said P^^ermined substrate is a semicon- 

"an^^ 

ys.lane and an alkyla.koxysi.ane in the presence of water and a catalyst in ZoJ^SS^^S^ 
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followed by curing it under heat. 

24. The method for polishing substrates as claimed in claim 23, in which a number of Si atoms derived from a siloxane 
bond and a number of C atoms derived from an alkyl group have a relationship as follows: 

5 

(Number of C atoms)/[( Number of Si atoms) + (Number of C atoms)] § 0.1 

in said insulating layer containing a compound having an organic group. 

10 25. The method for polishing substrates as claimed in claim 20, in which said insulating film comprises a silicon-free, 
organic polymer resin layer. 

26. A method for polishing substrates, which comprises a step of forming two or more insulating layers of different in 
materials from one another on a predetermined substrate, and a step of selectively polishing at least one of said 

is insulating layers with a cerium oxide abrasive of any one of claims 1 to 18. 

27. The method for polishing substrates as claimed in claim 26, in which said insulating film comprises; 

an insulating film layer containing a compound having an organic group, which is formed by applying a coating 
2 o liquid as prepared through hydrolysis of an alkoxysilane and an alkylalkoxysilane in the presence of water and 

a catalyst in an organic solvent, onto said substrate, followed by curing it under heat; and 
an insulating Si0 2 film layer; 

and in which said insulating film layer containing said compound having said organic group is selectively polished 
25 with said abrasive. 

28. The method for polishing substrates as claimed in claim 26, in which said polishing is implemented with said cerium 
oxide abrasive having a ratio of a polishing speed for a first insulating film layer to a polishing speed for a second 
insulating film layer not smaller than 10. 

30 

29. The method for polishing substrates as claimed in claim 27, in which said polishing is implemented with said cerium 
oxide abrasive having a ratio of a polishing speed for the insulating film layer containing an organic compound to a 
polishing speed for the insulating Si0 2 film layer is not smaller than 10. 

35 30. The method for polishing substrates as claimed in any one of claims 20 to 29, which further comprises a step of 
washing the substrate, after the polishing of its insulating film layer, with a liquid comprising thefollowing (a) and (b): 

(a) hydrogen peroxide, and 

(b) at least one selected from nitric acid, sulfuric acid, ammonium carbonate, ammonium carbamate and 
40 ammonium hydrogencarbonate. 

31 . A method for producing semiconductor chips, which comprises a step of forming an insulating film that comprises 
an insulating layer containing a compound having an organic group, on a predetermined semiconductor substrate, 
and a step of polishing said insulating film layer containing said compound having said organic group with a cerium 

45 oxide abrasive of any one of claims 1 to 1 8. 

32. The method for producing semiconductor chips as claimed in claim 31 , in which said insulating film layer containing 
said compound is formed by applying a coating liquid as prepared through hydrolysis of an alkoxysilane and an 
alkylalkoxysilane in the presence of water and a catalyst in an organic solvent, onto said substrate, followed by cur- 

50 ing it under heat. 

33. The method for producing semiconductor chips as claimed in claim 32, in which a number of Si atoms derived from 
a siloxane bond and a number of C atoms derived from an alkyl group have a relationship as follows: 

55 (Number of C atoms)/l(Number of Si atoms) + (Number of C atoms)] ^0.1 

34. A semiconductor chip as produced in the method of any one of claims 31 to 33. 
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35. A method for producing semiconductor devices, which comprises mounting semiconductor chips of claim 34 < 
support substrate, followed by encapslating said semiconductor chips with a sealant. 



36. A semiconductor device as produced in the method of claim 35 
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FIG. 3 
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